Sequence analysis of the 5.8S rRNA gene and the internal transcribed spacer regions (ITSRs) was used to compare trichomonadid protozoa (n ϭ 39) of varying morphologies isolated from the bovine preputial cavity. A multiple sequence alignment was performed with bovine isolate sequences and other trichomonadid protozoa sequences available in GenBank. As a group, Tritrichomonas foetus isolates (n ϭ 7) had nearly complete homology. A similarity matrix showed low homology between the T. foetus isolates and other trichomonads recovered from cattle (Ͻ70%). Two clusters of trichomonads other than T. foetus were identified. Eighteen isolates comprised 1 group. These isolates shared Ͼ99% homology among themselves and with Pentatrichomonas hominis. The other non-T. foetus cluster (n ϭ 14) did not exhibit a high degree of homology (Ͻ87%) with other bovine isolates or any of the trichomonad sequences available in GenBank. The sequence homology among isolates in that cluster was Ͼ99%, except for 1 isolate that varied from the others in both ITSRs (ϳ2% dissimilarity). Sequence analysis of the 5.8S rRNA gene and ITSRs was useful for comparing trichomonadid protozoa isolated from the bovine preputial cavity and demonstrated that 2 distinct types of trichomonads constituted the non-T. foetus isolates recovered from the bovine preputial cavity.
Bovine venereal trichomoniasis (BVT) is an economically important reproductive disease of cattle caused by Tritrichomonas foetus. 8 The usual clinical presentation is decreased herd fertility resulting from early fetal death. Occasionally, late-term abortion and pyometra also occur. The most common route of infection is venereal transmission from asymptomatically infected bulls colonized by T. foetus in preputial epithelial crypts. Infected cows generally clear infection within 5 months after exposure. Older bulls often become permanent carriers. Because there is no approved treatment for BVT in the United States, control efforts are specifically directed at identifying and removing infected bulls from the herd.
Isolating T. foetus from the preputial cavity is the main method used to identify infected bulls. Identification of T. foetus isolates is predominately based on morphologic criteria. Tritrichomonas foetus has 3 anterior flagella and a spindle-to-pear shaped, 10-25m-long by 3-15-m-wide body. An undulating membrane is present along the entire length of the body and ends with a single posterior flagellum that is equal in length to the anterior flagella. 9 Trichomonads other than T. foetus, probably of intestinal origin, can be isolated from the bovine preputial cavity and may con- fuse the diagnosis of BVT. 7, 9 There is limited information regarding the characteristics of these other trichomonads. From a diagnostic standpoint, the morphologic differences between T. foetus and other bovine trichomonads may not be readily apparent when only examined by light microscopy. 1 The serious consequence of misidentifying a bull as infected with T. foetus makes accurate identification of isolated trichomonads critical.
The usefulness of the 5.8S rRNA gene and internal transcribed spacer regions (ITSRs) for comparative sequence analysis of trichomonadid protozoa has been demonstrated previously. 4 To date, no information is available regarding this region of the genome for bovine trichomonadids other than T. foetus. The purpose of this article was to use sequence analysis of the 5.8S rRNA gene and flanking ITSRs to compare trichomonadid protozoa isolated from the bovine preputial cavity.
Materials and methods
Protozoa isolates. Trichomonadid protozoa were obtained from preputial washings or scrapings from bulls submitted directly to our laboratory in a commercially available culture system for T. foetus a or as isolates submitted for identification from other laboratories or from veterinary practitioners who performed the initial culturing (Table 1) . Bull characteristics were obtained from the submitting laboratory or practitioner. Tritrichomonas foetus strain D-1 was used as the control strain.
Microscopic examination. Isolates were examined by brightfield microscopy for morphologic features consistent with trichomonads 9 and subcultured to trypticase-yeast extract-maltose medium. Subcultures were incubated at 37 C until actively growing organisms were observed. Slides were prepared with a drop of the culture medium and stained as previously described. 10 The morphology of the trichomonads and the number of anterior and posterior flagella were determined (Table 1) .
DNA extraction. To obtain DNA, 1 ml of an actively growing culture was pelleted by centrifugation for 2 min at 20,800 ϫ g. The pellet was resuspended in 150 l of Trisethylenediamine-tetraacetic acid buffer, treated with 2.5 g/ ml proteinase K, and incubated for 30 min at 37 C. Successive extractions were performed with saturated phenol, phenol:chloroform:isoamyl alcohol, and chloroform:isoamyl al-cohol. DNA was precipitated from the aqueous phase with 0.5 ml cold 95% ethanol and 75 l 3 M sodium acetate, dried, and reconstituted in 50 l water. DNA concentration and purity were determined spectrophotometrically.
DNA sequencing. The 5.8S rRNA gene and ITSRs were amplified by polymerase chain reaction (PCR) using previously described primers, TFR1 (5Ј-TGCTTCAGTTCAGC-GGGTCTTCC-3Ј) and TFR2 (5Ј-CGGTAGGTGAACCTG-CCGTTGG-3Ј). 4 These primers were derived from conserved regions at the 3Ј-end of the 18S rRNA gene and the 5Ј-end of the 28S rRNA gene. Reactions were performed in 50 l volumes containing 2.5 U of DNA polymerase, b 1ϫ buffer, 2.5 mM MgCl 2 , 150 M of each deoxynucleotide triphosphate, 200 ng of DNA template, and 20 pmol of each primer. Polymerase chain reaction was performed with 1 cycle of 95 C for 10 min, 35 cycles of 95 C for 30 sec, 60 C for 30 sec, and 72 C for 1 min, and a final extension step of 72 C for 7 min. Five microliters of each reaction was run on a 1.5% agarose gel for 90 min at 6 V/cm or on a 3% gel c for 11 min at 35 V/cm and PCR product observed by ethidium bromide-staining and UV transillumination.
Amplified product was cloned into competent Escherichia coli, d and plasmid DNA containing the insert was isolated. e The cloned insert was amplified with M13 primers. The amplification product was purified f and sequenced with M13 primers by automated fluorescent cycle sequencing. g Both strands were sequenced twice.
Sequence analysis. The sequenced strands were assembled to create a consensus sequence and the ends trimmed to include the TFR1 and TFR2 priming sites. h A multiple sequence alignment was performed i,12 and included all bovine isolates and sequences of the 5.8S rRNA gene and ITSRs for other trichomonadid protozoa obtained from GenBank. A matrix of pairwise distances between sequences was developed. h, 6 To correct distances for multiple substitutions at a site, the Jukes-Cantor method was used. A similarity matrix with representative isolates from each cluster of bovine preputial isolates and trichomonads sequences available from the GenBank database is shown in Table 2 .
Electron microscopy. Representative bovine preputial iso-lates identified on the basis of sequencing results from each cluster were examined by scanning electron microscopy (SEM). A suspension of actively growing culture was placed on an ordinary filter paper under light vacuum before processing through critical point drying and sputter-coating with gold. Samples were examined with a scanning electron microscope. j Results A total of 39 trichomonadid protozoa was included in this study. Isolates identified as T. foetus tended to have spindle-shaped bodies, whereas non-T. foetus isolates were more oval in shape. There, however, was overlapping variability in cell morphology among all isolates. The number of anterior and posterior flagella observed for each isolate on the basis of microscopic observation of stained cells is reported in Table 1 . The number of anterior flagella was reported as the maximum number of flagella observed for all cells examined for each isolate. It was difficult to identify all the flagella in some of the cells because of the relative position of the flagella to the body and the undulating membrane. In some cases, 2 flagella appeared to be adhered together on the basis of the relative width of those flagella compared with other flagella. Seven of the isolates were identified as T. foetus on the basis of the herds' clinical history being highly suggestive for BVT and because isolates clearly had morphologic features consistent with T. foetus. The remaining isolates were from bulls that either had a history inconsistent for BVT because of age, breeding history, or herd fertility rate, or because the isolates had morphologic features that were inconsistent with T. foetus on the basis of staining results. The majority of isolates identified as T. foetus were from mature, breeding bulls. The majority of other trichomonads were from younger bulls (Յ2 years old), although some isolates were from older bulls. Isolates were obtained from a variety of bull breeds (Table 1) .
When PCR was performed, primers TFR1 and TFR2 generated a single amplicon from all bovine trichomonads examined. The amplified product ranged in size from 338 to 391 bp. All the 7 isolates identified as T. foetus on the basis of clinical history and microscopic morphology produced a 372-bp product. Of the remaining 32 isolates, 14 produced a larger amplicon (384-391 bp) than T. foetus, and 18 produced a smaller amplicon (338 bp). Sequence analysis showed that most of the variation in the amplicon size was due to differences in the ITSRs.
Comparative sequence analysis showed that there was 100% homology among all the 7 T. foetus isolates and with the T. foetus, T. mobilensis, and T. suis se-quence submissions from GenBank, except for 1 isolate (2000-5005) that differed in a single base (C→T) in the 5.8S rRNA gene ( Table 2 ). The T. foetus group shared less than 70% homology with any of the other bovine isolates. The cluster of bovine isolates that produced the 338-bp amplicon shared Ͼ99% sequence similarity among themselves. These isolates also exhibited Ͼ99% sequence homology with the Pentatrichomonas hominis sequence from GenBank (U86616). Differences among the isolates in this group were accounted for by 1 or 2 nucleotide differences. The 14 trichomonad isolates that produced the 384-391-bp amplicon exhibited a high degree of similarity (Ͼ99%) within this group, except for 1 isolate (1999-5000) that showed only 98% similarity. The main difference between isolates in this cluster was in a polyA region in the ITSR at the 5Ј-end of the 5.8S rRNA gene. The number of adenines in that region varied from 8 to 11 per isolate. Isolate 1999-5000 differed from others in this group by a number of random nucleotide substitutions or deletions in both ITSRs. This group did not show a high degree of homology (Ͻ87%) with the other bovine trichomonad groups or any trichomonad sequences obtained from GenBank. The 5.8S rRNA gene and ITSR sequences for representative isolates from each cluster described in this article have been deposited in the GenBank database. Sequences for isolates 1998-5003, 1999-5000, 2000- Scanning electron microscopy clearly demonstrated morphologic features that differentiated the non-T. foetus trichomonadid groups identified by sequence analysis from T. foetus. Tritrichomonas foetus had 3 anterior flagella and a spindle-shaped body (Fig. 1A) .
The non-T. foetus trichomonads were rounder and had 4 or more anterior flagella, although sometimes 1 or more of the flagella were not readily apparent (Fig.  1B) . Occasional knob-like structures were seen at the end of some of the anterior flagella from 1 isolate (1999-5000) (data not shown). On the basis of sequence results it can be seen that isolates from the group that clustered with P. hominis had a group of anterior flagella that entered together into the periflagellar canal and 1 additional anterior flagellum entering the body separately (Fig. 1C ). Most cells in this group produced 5 or fewer anterior flagella, although in some cells 6 anterior flagella were observed.
Discussion
Although T. foetus is transmitted venereally, the origin of these other bovine preputial isolates is unknown. It is likely that they are fecal in origin. Improper sample collection could result in contamination and serve as a source for these other trichomonads recovered from preputial cultures. Alternatively, the tendency of young bulls to mount and sodomize each other would provide a likely scenario for contamination of the preputial cavity. This scenario would account for the fact that most of the non-T. foetus trichomonads recovered were from young bulls.
Trichomonads other than T. foetus are found in the intestinal tract and include Tritrichomonas enteris, Tetratrichomonas pavlovi, Tetratrichomonas buttreyi, and P. hominis. 3, 7, 9 These intestinal trichomonads differ morphologically from T. foetus by the number of anterior flagella present, size and shape of the body, length and position of axostyle, and presence or length of a posterior flagellum; however, specific morphologic features can be difficult to recognize by light microscopy alone. 1 Further, some of these trichomonads are not well characterized, and proper species validation is lacking. For instance, T. enteris may, in fact, be a synonym for P. hominis. 9 A detailed study comparing morphologic characteristics of the bovine preputial isolates with bovine intestinal trichomonads is warranted.
Previously described primers were used to amplify the 5.8S rRNA gene and ITSRs in all trichomonads evaluated in this study. The size of amplicon generated was variable among isolates. The size of the amplicon from 1 group (384-391 bp) is larger than that previously reported from other trichomonads. 4 In agreement with the findings from a previous comparative sequence study of this region, 4 the clinical T. foetus isolates in this study comprised an extremely homogenous group among themselves and when compared with sequences for T. foetus, T. suis, and T. mobilensis from GenBank. The high homology observed with the clinical T. foetus isolates and the deposited sequences for T. suis and T. mobilensis is not unexpected. It has been suggested that the assignment of T. foetus, T. suis, and T. mobilensis to separate species may not be valid on the basis of genomic, morphologic, antigenic analysis, and cross-infection studies. 4 The single base difference (C→T) in one of the clinical T. foetus isolates (2000-5005) was most likely a result of a PCR-induced mutation during the subcloning procedure. 4 Direct sequencing of this isolate revealed a cytosine at this position (data not shown), whereas the cloned fragment had a thymidine at this site in all 4 sequencing reactions.
On the basis of DNA sequence and SEM results, 2 distinct groups of trichomonads besides T. foetus were identified from the bovine preputial cavity. The group that exhibited nearly 100% homology with the P. hominis sequence from GenBank also had morphologic features consistent with P. hominis, specifically the presence of one of the anterior flagella arising separately from the blepharoplast complex and a thick axostyle protruding posteriorly. 7, 9 By SEM, most cells produced 5 anterior flagella. Occasional cells had 6 anterior flagella. Previously, the number of anterior flagella for P. hominis has been reported to be variable and to range from 3 to 5 in number. 7, 9 Pentatrichomonas hominis has been reported from the intestinal tract of a number of animal species including cattle; 7,9 however, to our knowledge, this is the first time P. hominis has been reported from the bovine preputial cavity.
Isolates examined by SEM from the other non-T. foetus group had 4 anterior flagella and a trailing flagellum and thus most appropriately belong to the genus Tetratrichomonas. 9 The 2 Tetratrichomonas species previously described in cattle are Te. pavlovi and Te. buttreyi; however, the validity of Te. pavlovi as a species is uncertain. 9 Except for some of the cells of 1999-5000, no knob or spatulate structures were observed in the isolates examined by electron microscopy, as has been described for Te. buttreyi. 9 This group of bovine trichomonads is genetically distinct from any of the trichomonad sequences available in GenBank, but no sequence information on this region is currently available for either Te. pavlovi or Te. buttreyi. The isolates in this group, therefore, represent a Tetratrichomonas sp. but cannot be assigned to a previously described species with certainty. The variation in the number of adenines in 1 region of the ITSR at the 5Ј-end of the 5.8S rRNA gene of this group could represent a true heterogeneity within the group or could be the result of replication slippage. 2 This study showed that at least 2 other groups of trichomonads besides T. foetus can be found in the bovine preputial cavity. Both non-T. foetus groups were clearly distinguished from T. foetus and between themselves on the basis of sequence analysis of the 5.8S rRNA gene and ITSRs. The trichomonads submitted in this study were biased toward non-T. foetus isolates; therefore, the true prevalence with which these other trichomonads can be recovered from the bovine preputial cavity is not known. Nothing is published about the pathogenic potential of these other trichomonads for the bovine reproductive tract. 1 Studies on the role of these other trichomonads, if any, in bovine reproductive tract disease are needed.
In a clinical setting, identification methods are predominately based on microscopic examination alone. This may not be sufficiently sensitive to distinguish between the different trichomonad species with certainty. 1 In this study, interpretation based on morphology alone from stained smears was difficult because orientation of cells often masked discriminating features. Identifying these features would be difficult in laboratories where these trichomonads are not regularly encountered or when someone with experience in protozoal morphology was not available. Because of the serious consequence of an incorrect diagnosis, distinguishing between T. foetus and these other trichomonads found in the bovine preputial cavity is important. Confirmatory diagnostic tests using a species-specific PCR assay have been described 5, 11 and may be necessary for the accurate identification of trichomonads from the bovine preputial cavity, especially for isolates recovered from young bulls. 
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